Broad-spectrum cephalosporin is a commonly utilized antimicrobial agent for empirical and directed therapy against infections involving *Enterobacteriaceae*. The Clinical and Laboratory Standards Institute (CLSI) recently revised the cephalosporin breakpoints against *Enterobacteriaceae* ([Table 1](#T1){ref-type="table"}). Prior to 2011, the CLSI susceptibility breakpoints for cefotaxime and ceftazidime were ≤8 μg/mL for *Enterobacteriaceae*, but they were reduced in January 2011 to ≤1 μg/mL for cefotaxime and ≤4 μg/mL for ceftazidime \[[@B1]\]. Prior to 2014, the CLSI susceptibility breakpoints for cefepime was ≤8 μg/mL for *Enterobacteriaceae*, but in January 2014, it was reduced to ≤2 μg/mL \[[@B2]\]. Along with this breakpoint revision for cefepime, the CLSI introduced the *Enterobacteriaceae* susceptible-dose dependent (SDD) category with a breakpoint of 4--8 μg/mL in order to encourage clinicians to use higher doses for organisms with higher minimum inhibitory concentrations (MICs) \[[@B2]\]. The background and rationale of this revision for susceptibility criteria is mainly based on the data for *Escherichia coli* and *Klebsiella* species \[[@B3]\].

*Enterobacter* species, *Serratia marcescens*, *Citrobacter freundii*, and *Morganella morganii* have emerged as major causes of nosocomial infections. These organisms are characterized by inducible resistance that is mediated by the chromosomal AmpC β-lactamase \[[@B4]\]. Limited data exist on the impact of revised cephalosporin CLSI breakpoints on susceptibility in these organisms. Hence, the aim of the study was to evaluate the impact of new susceptibility criteria on the reported broad-spectrum cephalosporin susceptibility profiles for *Enterobacteriaceae* producing AmpC β-lactamase.

This study was performed using samples collected in our previous prospective cohort studies at the Asan Medical Center, Seoul, Republic of Korea \[[@B5][@B6]\]. This 2,700-bed university-affiliated teaching hospital provides both primary and tertiary care and has an average of approximately 124,000 annual patient discharges and 2,000,000 outpatient visits. Between January 2005 and December 2008, we collected clinical isolates of *Enterobacter* species, *S. marcescens*, *C. freundii*, and *M. morganii*.

Blood samples were cultured using the BACTEC 9240 system (Becton Dickinson, Sparks, MD, USA). Identification of the bacterial isolates was performed using the MicroScan system (Dade Behring, West Sacramento, CA, USA). Antimicrobial susceptibility tests for cefotaxime, ceftazidime, and cefepime were performed with Kirby-Bauer disk diffusion method as recommended in the CLSI guideline \[[@B1]\]. Extended-spectrum ß-lactamase (ESBL) production was tested using the double disk synergy test. Briefly, the inhibitory zone diameters of disks containing 30 μg of cefotaxime, ceftazidime, or cefepime, either alone or in combination with 10 μg of clavulanate, were compared \[[@B6][@B7][@B8][@B9]\]. An ESBL production phenotype was defined as a ≥5 mm increase in zone diameter for at least one of the combination disks relative to its corresponding single antibiotic disk \[[@B6][@B7][@B8][@B9]\]. The *E. coli* strain, ATCC 25922 (American Type Culture Collection, Georgetown, DC, USA) and the *Klebsiella pneumoniae* strain, ATCC 700603, were used as negative and positive controls for ESBL production, respectively.

During the study period, a total of 1,742 clinical isolates were collected. Of the 1,742 isolates, 1,056 (60.6%) were *Enterobacter* species (651 *E. cloacae*, 376 *E. aerogenes*, 19 *E. agglomerans*, 5 *E. asburiae*, 4 *E. gergoviae*, and 1 *E. sakazakii*), 318 (18.3%) were *Citrobacter* species (304 *C. freundii*, 10 *C. koseri, and C. amalonaticus*), 230 (13.2%) were *S. marcescens*, and 138 (7.9%) were *M. morganii*.

The results for 1,742 *Enterobacteriaceae* isolates were analyzed ([Table 2](#T2){ref-type="table"}). Implementation of the new interpretative criteria reduced the rates of susceptibility to cefotaxime, ceftazidime, and cefepime by 2.9%, 5.9%, and 13.6%, respectively ([Table 2](#T2){ref-type="table"}). The distribution of the zone diameters around the cefotaxime, ceftazidime, and cefepime disk is displayed in [Fig. 1](#F1){ref-type="fig"}. The difference in the categorization between the old and new interpretative criteria can largely be attributed to a decrease in the number of isolates in the intermediate range and an increase in the number of isolates in the resistant range ([Fig. 1](#F1){ref-type="fig"}). Of 1,742 isolates, 206 (11.8%) isolates were categorized as SDD for cefepime, according to the revised criteria. To assess how this revision might have affected therapeutic decisions, we further analyzed the categorization for the subset of isolates with ESBL phenotype. Among 183 isolates with ESBL phenotype, implementation of the new interpretative criteria reduced the rates of susceptibility to cefotaxime, ceftazidime, and cefepime by 2.8%, 14.8%, and 53.6%, respectively ([Table 2](#T2){ref-type="table"}). Eighty-six (47.0%) isolates were categorized as SDD for cefepime, according to the new criteria. The prevalence of ESBL phenotype for cefotaxime-, ceftazidime-, and cefepime-susceptible isolates was 0.9% (9/993), 3.0% (33/1,105), and 3.3% (48/1,456), respectively.

The revised CLSI document (M23) specifically outlines several reasons for the reassessment of susceptibility breakpoints that were applied for cephalosporins, including new resistance mechanisms, new pharmacokinetic/pharmacodynamics (PK-PD) data, and elimination of differences in breakpoints proposed by CLSI and those by other organizations (the European Committee on Antimicrobial Susceptibility Testing \[EUCAST\]) and the Food and Drug Administration \[FDA\]) \[[@B3]\]. Using ESBL-producing isolates in mouse models of infection, PK-PD relationships for efficacy of cephalosporins against ESBL- or non-ESBL-producing isolates were similar, irrespective of ESBL production \[[@B10]\]. In addition, new breakpoints would simplify testing and eliminate the need for additional tests to detect specific resistance mechanisms such as those associated with ESBL. Of 42 patients infected with ESBL-producing *E. coli* and *Klebsiella* species bacteremia, reduced clinical response was associated with increasing MIC, with a considerable decrease in efficacy for cephalosporin at MIC of \>2 mg/L \[[@B10]\]. When using the revised breakpoints (MIC ≤1 for cefotaxime and ceftriaxone), routine testing for ESBLs (screen plus phenotypic confirmation test) is no longer required.

A recent study showed that when the revised CLSI breakpoints were applied to 264 isolates of *E. coli* and *Klebsiella* species, the rates of susceptibility to cefotaxime and ceftazidime were reduced by 8% and 3%, respectively \[[@B11]\]. Similarly, we found that the revised susceptibility breakpoint criteria led to little change in the rates of susceptibility of cefotaxime (0.9%) and ceftazidime (3.0%) to *Enterobacteriaceae* producing AmpC β-lactamase. Moreover, another study showed that the revised cefepime CLSI breakpoints resulted in only ≤ 2% reduction in cefepime susceptibility of *E. coli* and *K. pneumoniae*, with 1--2% in the SDD category \[[@B12]\]. In contrast, we found that applying the new cefepime CLSI criteria led to a substantial change in the susceptibility rates of cefepime against *Enterobacteriaceae* producing AmpC β-lactamase. This finding is in line with the recent results by Lee et al. \[[@B13]\]. They reported that 63.6% of 217 *E. cloacae* blood isolates were cefepime-susceptible and 19.8% were cefepime-SDD \[[@B13]\]. Hence, laboratories that choose to implement the new CLSI criteria for *Enterobacteriaceae* should clearly inform treating physicians regarding the SDD category, so that they can be alert to the possible need for higher doses of cefepime in treating infections caused by these organisms. In addition, clinicians should note that cefepime, even at the recommended higher doses, may be inefficient against *Enterobacteriaceae* isolates for which the MIC is \>2 μg/mL. In patients with ESBL-producing *Enterobacteriaceae* infection who received cefepime, the crude mortality rate was higher for isolates with a MIC of 2--8 μg/mL than for those with a MIC of ≤1 μg/mL (68.8% versus 30.0%; *P* = 0.045\] \[[@B14]\]. Of patients with *E. cloacae* bacteremia who were treated with definite cefepime therapy, 30-day mortality rate of those infected by cefepime-susceptible isolates was significantly lower than that of patients infected by cefepime-SDD isolates (16.1% \[9/56\] versus 62.5% \[10/16\]; *P* \<0.001)\[[@B13]\].

No guidelines have been issued for ESBL detection in members of the *Enterobacteriaceae* with inducible chromosomal AmpC β-lactamase although these species may have emerged as major causes of nosocomial infections. The absence of such recommendations likely has two reasons. First, phenotypic detection of ESBLs in members of the *Enterobacteriaceae* producing an AmpC β-lactamase is complex, because AmpC expression may mask the synergy required for ESBL detection between broad-spectrum cephalosporins and clavulanic acid. Here, we tried to circumvent this problem by demonstrating synergy between clavulanic acid and cefepime, a fourth-generation cephalosporin hydrolyzed by ESBLs but generally not by AmpC β-lactamase \[[@B7][@B8]\]. Second, unlike *E. coli* and *Klebsiella* species, ESBL production was not associated with poorer outcomes in patients with *Enterobacter* species bacteremia \[[@B15][@B16]\]. In addition, our study showed that the prevalence of ESBL phenotype for cefotaxime-, ceftazidime-, and cefepime-susceptible isolates was low (0.9%, 3.0%, and 3.3%, respectively). The proportion of broad-spectrum cephalosporin-susceptible isolates among ESBL isolates was markedly decreased after application of revised susceptibility criteria. Taken together, our results support the CLSI recommendation that routine testing for ESBLs (screening plus phenotypic confirmation test) is no longer required for *Enterobacteriaceae* isolates.

In conclusion, implementation of the new CLSI susceptibility breakpoints leads to a small change in cefotaxime and ceftazidime susceptibility of *Enterobacteriaceae* producing AmpC β-lactamase. However, a substantial proportion of isolates were in the SDD category for cefepime, and clinicians should be alert to the possible need for higher doses in treating infections caused by these organisms. The rarity of ESBL phenotype among broad-spectrum cephalosporin-susceptible isolates based on the revised criteria eliminated the need for ESBL screening and phenotypical confirmation for broad-spectrum cephalosporin-susceptible isolates. Further studies should be performed to evaluate the impact of revised broad-spectrum cephalosporin CLSI susceptibility criteria on clinical management of infections caused by these organisms.

This work was supported by a grant from Korean Society for Chemotherapy in 2014.

**Conflict of Interest:** No conflicts of interest.

![Distribution of zone of diameters around the cefotaxime (A), ceftazidime (B), and cefepime (C).\
ESBL, extended-spectrum ß-lactamase; CLSI, clinical and laboratory standards institute; SDD, susceptible-dose dependent.](ic-49-62-g001){#F1}

###### Comparison of the susceptibility rates for revised and previous clinical and laboratory standards institute (CLSI) for broad-spectrum cephalosporins for *Enterobacteriaceae* ^a^

![](ic-49-62-i001)

  Drug          MIC Interpretive Criteria (µg/mL)   Zone Diameter Interpretive Criteria (mm)                                          
  ------------- ----------------------------------- ------------------------------------------ -------- ----- ----- -------- -------- -----
  Cefotaxime                                                                                                                          
   Previous     ≤8                                  \-                                         16--32   ≥64   ≥23   \-       15--22   ≤14
   Revised      ≤1                                  \-                                         2        ≥4    ≥26   \-       23--25   ≤22
  Ceftazidime                                                                                                                         
   Previous     ≤8                                  \-                                         16--32   ≥64   ≥18   \-       15--17   ≤14
   Revised      ≤4                                  \-                                         8        ≥16   ≥21   \-       18--20   ≤17
  Cefepime                                                                                                                            
   Previous     ≤8                                  \-                                         16       ≥32   ≥18   \-       15--17   ≤14
   Revised      ≤2                                  4--8                                       \-       ≥16   ≥25   19--24   \-       ≤18

MIC, minimum inhibitory concentration; S, susceptible; SDD, susceptible-dose dependent; I, intermediate; R, resistant.

^a^CLSI revised interpretative criteria (breakpoints) for ceftriaxone and ceftazidime in 2011 \[[@B1]\] and interpretative criteria (breakpoints) for cefepime in 2014 \[[@B2]\].

###### Comparison of the susceptibility rates for isolates to broad-spectrum cephalosporin using the previous and new clinical and laboratory standards institute (CLSI) interpretative criteria

![](ic-49-62-i002)

  Agent, specimen source, and ESBL phenotype   Total, No.   \% susceptibility to cefotaxime   Difference in % susceptible   \% susceptibility to ceftazidime   Difference in % susceptible   \% susceptibility to cefepime   Difference in % susceptible                                                                                                     
  -------------------------------------------- ------------ --------------------------------- ----------------------------- ---------------------------------- ----------------------------- ------------------------------- ----------------------------- ------ ------ ------ ------ ------ ------ ------ ------- ------ ----- ------ ------ ------ ------ -------
  All cases                                    1,742        60.1                              18.2                          21.7                               57                            3.1                             39.9                          −3.1   69.3   4.6    26.1   63.4   5.9    30.7   −5.9    97.1   1.2   1.7    83.6   11.8   4.6    −13.5
  Bacterial groups                                                                                                                                                                                                                                                                                                                                           
   *Enterobacter* species                      1,056        56.7                              18.8                          24.5                               53.5                          3.2                             43.3                          −3.2   64.6   5.0    30.4   59.1   5.5    35.4   −5.5    96.9   1.3   1.8    80.4   14.4   5.2    −16.5
   *Citrobacter* species                       318          55.0                              17.9                          27.0                               51.6                          3.5                             45.0                          −3.4   61.9   5.7    32.4   55.7   6.3    38.1   −6.2    96.5   1.9   1.6    85.5   9.1    5.4    −11.0
   *Serratia marcescens*                       230          73.9                              16.1                          10.0                               70.4                          3.5                             26.1                          −3.5   93.0   1.3    5.7    87.4   5.7    7.0    −5.6    96.9   0.9   2.2    86.5   10.0   3.5    −10.4
   *Morganella morganii*                       138          74.6                              18.1                          7.2                                73.9                          0.7                             25.4                          −0.7   83.3   4.3    12.3   74.6   8.7    16.7   −8.7    100    0     0      98.6   1.4    0      −1.4
  Specimens types                                                                                                                                                                                                                                                                                                                                            
   Blood                                       429          58.7                              16.3                          24.9                               55.9                          2.8                             41.3                          −2.8   67.1   2.6    30.3   60.8   6.3    32.9   −6.3    95.6   2.8   1.6    80.4   12.4   7.2    −15.2
   Urine                                       493          68.0                              17.4                          14.6                               64.1                          3.9                             32.0                          −3.9   75.8   4.5    19.7   70.6   5.3    24.1   −5.3    97.6   0.8   1.6    88.0   9.3    2.7    −9.5
   Sputum                                      312          64.7                              19.9                          15.4                               60.9                          3.8                             35.3                          −3.8   76.6   4.2    19.2   70.5   6.1    23.4   −6.1    98.7   0.3   1.0    88.0   9.3    2.6    −10.7
   Wound discharge                             96           64.6                              18.8                          16.7                               63.5                          1.0                             35.4                          −1.0   76.1   3.1    20.8   69.8   6.2    24.0   −6.2    97.9   0     2.1    88.0   9.3    2.6    −9.9
   Other                                       412          47.6                              19.7                          32.8                               45.1                          2.4                             52.4                          −2.4   56.8   7.5    35.7   50.7   6.1    43.2   −6.1    96.6   1.2   2.2    88.0   9.3    2.7    −8.6
  ESBL phenotype                                                                                                                                                                                                                                                                                                                                             
   ESBL positive                               183          7.7                               45.9                          46.4                               4.9                           2.7                             92.3                          −2.8   32.8   12.0   55.2   18.0   14.8   67.2   −14.8   79.8   7.1   13.1   26.2   47.0   26.8   −53.6
   ESBL negative                               1,559        66.3                              14.9                          18.8                               63.1                          3.1                             33.7                          −3.2   73.7   3.7    22.6   68.7   4.9    26.4   −4.8    99.1   0.6   0.3    90.3   7.7    2.0    −8.8

ESBL, extended-spectrum ß-lctamase; S, susceptible; I, intermediate; R, resistant; SDD, susceptible-dose dependent.

^a^According to the interpretative criteria published by the CLSI in January 2010 (M100-S20) and January 2011 (M100-S21).

^b^According to the interpretative criteria published by the CLSI in January 2013 (M100-S23) and January 2014 (M100-S24).
